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(57) Abstract 

Molecularly imprinted polymers can be utilized in stereo- and regio-selecuve synthesis. These systems can be utilized, e.g. for 
peptide synthesis, by selectively coordinating reactants at a predetermined preformed cavity. Further, such polymers may be used for the 
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USE OF MOLECULARLY IMPRINTED POLYMERS FOR STEREO- AND /OR 

REGIOSELECTIVE SYNTHESIS 

This invention refers to the use of molecularly 
5 imprinted polymers for stereo- and regioselective synthe- 
sis. 

"Molecular imprinting" is the name given to a process 
for preparing polymers that are selective for a particular 
compound (the "print molecule"). The technique involves: 

10 1.) prearranging the print molecule and the monomers and 
allowing complementary interactions to develop; 2) poly- 
merizing around the print molecule-monomer complex; and 3) 
removing the print molecule from the polymer by extraction 
(Fig. 1). Polymerization thus preserves the complemen- 

15 tarity to the print molecule , and subsequently the polymer 
will selectively adsorb the print molecule. The print 
molecule binds more favourably to the extracted polymer 
than to structural analogues. The technique has also been 
referred to as "host-guest" polymerization and "template" 

20 polymerization. Preparation of the selective polymers is 
easy, involving only simple, well-known laboratory tech- 
niques. 

Usually, one of two fundamentally different approa- 
ches has been followed in applying molecular imprinting: 

25 1 ) the print molecule has been covalently, but reversibly 
bound; or 2) the initial interactions between monomers and 
the print molecule have been non-covalent . The covalent 
approach involves, in contrast to the non-covalent 
approach, the cumbersome covalent bond formation between 

30 the print molecule and the monomer ( polymer ) . 

Most organic reactions are carried out in free solu- 
tion, one exception being catalysts immobilized on a solid 
matrix. Another example is the formation or sequencing of 
macromolecules such as peptides or polynucleotides follow- 

35 ing the so-called Merrifield approach where synthetic 
reactions are taking place on solid phase. 
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The additional aspect of using such imprints for 
catalysis, i.e. involving turnover, is an area of poten- 
tial interest which however requires a number of prerequi- 
sites to be fulfilled such as the correct positioning of 
5 the catalyst or penetration of the catalyst through the 
polymer as well as easy dissociation of the formed pro- 
ducts. 

Short description of the drawings: 

Fig, 1 shows the principle of molecular imprinting. 
10 Fig. 2 shows the use of molecularly imprinted poly- 

mers for the selective removal of one enantiomeric or 
regio-isomeric species from solution, while reaction takes 
place with the antipode or regio-isomer in bulk solution. 

Fig. 3 shows molecularly imprinted polymers used as 
15 interacting protecting matrix. 

Fig. 4 shows the selective benzoylation of a carbo- 
hydrate derivative, 

Fig. 5 shows' the use of molecularly imprinted poly- 
mers for directed synthesis. 
20 Fig. 6 shows the site-specific coupling of N-protec- 

ted L-tryptophanyl cloride to DL-phenylalanine methyl 
ester. 

Fig. 7 shows the chemoselective synthesis of N-pro- 
tected amino acids. 

25 Fig. 8 shows the combined use of the direction and 

protection strategies. 

Further to the above, Fig. 1 shows the development of 
complementary interactions between the print molecule and 
the monomers (a); polymerization (b); removal of the print 

30 molecule from the polymer (c). M - monomers, PM = print 
molecule, CR = crosslinker. 

One aspect of the invention describes the use of 
molecularly imprinted polymers for the selective removal 
of one enantiomeric or regio-isomeric species from solu- 

35 tion, while reaction takes place with the enantiopode or 
regio-isomer in bulk solution, e.g. in the synthesis of 
peptides, oligosaccarides and oligonucleotides (5). This 



WO 94/14835 

PCT/SE93/01107 

5 molecularly im p"l" f ' *' WhiCh 1 ^Itzss a 
■wiy imprinted polymer against in ^-k<„ 

mixture of fh a ^ the ra cemic 

* tlix: ration xn step C # wher^o +k« t 
remains prlmarilv In t J , Sreas the *-enantiomer 
process. P ° lymBr tte °«9>>out the „„oie 

^s'Ta^lT^ ^ « ve sy n_ 

*° alan in „et hy res^ util \ aCetyl - D - tryPt ° Phanyl - L -^- 

n-ixture t „I^ f so" in <=^«°n with the race- 

-trices, capa bl e of r-^^^J^Z^"^ 
ticuiar reaction at a specif in I preven t"9 a par- 

tainino severai ^l^T^LlT^ ~ 
outlined in Fia •} a \ sites. This aspect is 

30 incorporating ^17^1^ »' 
tea in one position by a protection 

ted oy non-covalent interact 9r ° UP <R) ' iS imprl »- 

- ing sta P , E ^::r:~ rr ^ 

step B leaves the polymer with „ , Polymer during 

35 1. Following incubLoTof the n ^ ° f 

analogue in step c n ° n "P rot ^ted substrate 

a -lu sxep c, addition of a rvrrvK^^ 

« - -. - step o ieaos to ^^1^^ 



WO 94/14835 



PCT/SE93/01107 



15 



20 



25 



30 



35 



the free functional group (A). Finally, the product is 
isolated by extraction of the polymer in step E. 

It is conceived that, for example, in the case of 
peptide synthesis, the following groups can be substituted 
by interaction with the imprinted polymer matrix, may it 
be by complementary binding or by the surrounding matrix 
per se: 
Protection of 

functional group Protecting group 



10 Amino 



tert-butyloxycarbonyl (BOC) 
9-f luorenylmethyloxycarbonyl ( Fmoc ) 
benzyloxycarbonyl ( Cbz ) 
biphenylisopropyloxycarbonyl ( Bpoc ) 
methyl 
tert-butyl 
benzyl 
tert-butyl 
benzyl 
benzyl 

acetimidomethyl ( Acm ) 
nitro 
tosyl 

adamantyloxycarbonyl ( Adoc ) 
benzyloxymethyl ( BOM ) 
The same concept should be valid also for synthesis 
of other compounds such as carbohydrates, nucleotides, 
etc. 

One .example of this aspect is e.g. the selective 
benzoylation of a carbohydrate derivative utilizing selec- 
tive protection of hydroxy groups by binding of the carbo- 
hydrate derivative to an imprinted polymer matrix, as in- 
dicated in Fig. 4. In this example, a polymer is imprinted 
against octyl-3-0-benzoyl-p-D-glucopyranoside (2) result- 
ing in sites complementary to the above compound with the 
surrounding polymer matrix serving as protecting "agent" 
at the 2-0- , 4-0- , and 6-0-positions. Incubation of these 
polymers with octyl-p-D-glucopyranoside (1) and subsequent 



Carboxyl 



Hydroxyl 



Thiol 



Guanidino 



Imidazol 
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reaction with a suitable benzoylating agent (A) render 
preferably the 3-o-ben Z oyl-derivative J ^ ~ 
2-0- , 4-0-, or 6-0-derivatives. 
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Another example of this aspect is th e ^ 
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l«; resulting in recognition sites 



WO 94/14835 



PCT/SE93/01107 



7 

complementary to this particular N-acetylated amino acid 
ester. Incubation of the polymer matrix with L-phenylala- 
nine ethyl ester (1) and subsequent addition of either 
acetyl chloride (2) or benzoyl chloride (3) leads to 
5 preferential formation of the imprinted molecule (4), 
whereas the formation of the benzoylated derivative is 
inhibited. In a mixture of the acylating reagents, poly- 
mer-assisted formation of a high yield of N-acetyl-L- 
-phenylalanine ethyl ester is obtained as compared to 
10 N-benzoyl-L-phenylalanine ethyl ester. 

An additional example along these lines is the prac- 
tically useful regio-selective synthesis of triglycerides 
from glycerol and various fatty acids. In this case, mole- 
cular ly imprinted polymers can be used to direct the spe- 
15 cific condensation of certain fatty acids with the glyce- 
rol moiety in order to obtain a required triacylglyceride. 

An example of employing molecularly imprinted poly- 
mers for applications combining both the direction and 
protection strategies is outlined in Fig. 8. For instance, 
20 these polymers can be imprinted against derivatives of 
molecules originally containing two or more identical 
functional groups, e.g. the dipeptide N-benzyloxycarbonyl- 
-L-aspartyl-L-phenylalanine methyl ester (3). The /5-carb- 
oxy group of this template species is unprotected and the 
25 carboxy group in the flt-position of the aspartic acid 
residue is coupled to the phenylalanine residue. The 
resulting polymer leaves specific enantio- and regioselec- 
tive interaction sites for the template molecule serving 
as a protecting matrix for the p-carboxy group. Incubation 
30 of the polymer with N-benzyloxycarbonyl-L-aspartic acid 
(1) and subsequent addition of DL-phenylalanine methyl 
ester (2) under suitable coupling conditions such as with 
reagents (A) renders preferably the a-dipeptide, whereas 
the p-isomer cannot be formed. Furthermore, as the imprint 
35 was prepared against the L-form of the second amino acid, 
preferential coupling with the L-form will occur in the 
cavity. Subsequent removal of the Cbz-group leads to the 
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formation of the industrially important sweetening agent 
a- aspartame (4). 

Another example is found in the area of conversion of 
ant^bxotics. For instance, in cavities obtained from 
cephalosporin C, selective cleavage of the side-chain 
leading to the useful 7-aminocephalosporanic, 7-ACA, can 
take place, alternatively similar imprints can be used for 
directed synthesis of semisynthetic cephalosporins from 

7 — AC A 



7-ACA 

10 



Another example utilizing both the surrounding poly- 
mer raatrix as substitute fQr protecting groups> especla 

hydroxyl groups, and directing the synthesis is to be 
found in the syntheses of carbohydrates such as disaccha- 
rxdes. in one case imprinting of the disacharide 4-0-(5- D - 
15 -^lactopyranosyD-p-D^-deoxy^^N-acetylaminoJ-gluco- 
pyranose is followed by extraction. Subsequent condensa- 
tion in the cavities of D-galactose and N-acetyl-D-glucos- 
r S 163(35 t0 thS ^int molecule. Analogously 

20 ^ e n lin f 0rtant COm P° und me ^-3-0-(P-D- ga iactopvrano S yl)- 
20 -A-D-glucopyranoside can be synthesized in a similar 

fashion The condensation could be carried out following 
the Fischer reaction using solvents saturated with gaseous 
HC1 or by utilizing one activated monosaccharide obtained 
by brommation at the anomeric carbon (6). 
25 Example 1 

In a typical experiment, a molecularly imprinted 
Polymer was prepared against »- acetyl- tryptophan. Race- 
me N acetyl-tryptophan (10 mg/ml in dry dimethylf orm- 

30 the V ^ inCUbat6d ° Verni9ht 9t 4 °° ±n the ce of 

30 the imprinted polymer (500 mg) i„ a total volume Qf 

made up with tetrahydrof uran . After cooling to 0°C 

L-phenylalanine metyl ester (1 6 q. ) and 1-hydroxybenzo- 

triazole (l.i eg) were added, followed by N, N ' -dicyclo- 

nexylcarbodiimide (1.1 eo ) Tho • 
- v eq.;. The reaction mixture was 

■5 allowed to stand for 24 h, at room temperature, then 

filtered and the residue washed successively with portions 
of tetrahydrofuran and methanol/acetic acid. The fixate 
was concentrated to dryness in vacuo and the residue 
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partitioned between ethyl acetate and saturated sodium 
bicarbonate. The organic phase was successively washed 
with aqueous citric acid, saturated sodium bicarbonate and 
water, then dried and concentrated in vacuo. The crude 
5 products were purified by preparative thin layer chromato- 
graphy, isolated and analysed by nuclear magnetic reso- 
nance (NMR). 36% diastereomeric excess of N-acetyl-D-tryp- 
tophanyl-L-phenylalanine methyl ester over N-acetyl-L- 
-tryptophanyl-L-phenylalanine methyl ester was obtained. 

10 
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CLAIMS 

1. Use of a molecularly imprinted polymer for stereo- 
5 and regioselective synthesis, whereby the polymer acts as 

a regioselectively interacting "protecting matrix, capable 
of regioselectively directing a reaction to one reactive 
site of a molecule containing several potentially reactive 
sites, optionally eliminating the need of protecting 
10 group(s). 

2. Use of a molecularly imprinted polymer for enan- 
tioselective synthesis, whereby an enantiomeric template 
or imprint species is imprinted in the polymer, the 
template or imprint species is extracted, an activated 

15 form of one part of the enantiomeric template or imprint 
species is incubated in the imprinted polymer, and a race- 
mic mixture of the other part of the enantiomeric template 
is added, leading to a specific condensation in the im- 
print of an enantiomer corresponding to the template or 

20 imprint species* 

3. Use of a molecularly imprinted polymer for chemo- 
selective synthesis, whereby a template or imprint species 
carrying a specific group or moiety is imprinted in the 
polymer, the template or imprint species is extracted, 

25 resulting in recognition sites in the polymer complemen- 
tary to the template or imprint species, whereafter the 
template or imprint species devoid of said group or moiety 
is incubated in the imprinted polymer and a group or moie- 
ty constituting part of the template or imprint species is 

30 added optionally in admixture with other groups or moie- 
ties having the same chemical reactivity but different 
forms or sizes, leading to a specific condensation in the 
imprint of the group corresponding to the template or 
imprint species. 

35 4. Use of molecularly imprinted polymers for selec- 

tive removal of one enantiomeric or regio-isomeric species 
from a bulk solution, whereafter the remaining antipode 
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15 



a regro-isomer is reacted in the b ul k soiution. 

5- Use o£ .nolecularly imprinted polymers for stereo 

«o„s re o7; sel r tlve synthesis utiiiain9 «— ^L. 

trons of imprlnts servlng as M trices as 

clermea ln oZe Im i. and aotln9 as 9 . 
reactions, as claimed in claim 2 or 3 a "eotrng 

tive LlZllZ^^ <~ — - 

-ei; rzrr^otrrL^- — • 
co^nttte— 9 rirrr — ' 

9. use according to any one of claims 1-6, wherein 
both non-covalent and covalent inter^^ "Herein 

aient interactions are utilized. 
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□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



£1 LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




TH,SP ^ BLANK 
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